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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] The invention pertains to a process for de- 
creasing the content of reducing sugars in light steep- 
water ("LSW"), such as a process for making Pharma- 
ceutical Industry Grade Steepwater. The process com- w 
prises incubation of LSW having a sulfur dioxide (S0 2 ) 
content at between about 20 ppm and about 170 ppm 
for at least about 5 hours at a temperature between 
about 33°C and about 48°C to decrease the reducing 
sugars content. 15 

The Related Art 

[0002] At the beginning of the process of wet-milling 
corn, whole corn is steeped in water containing S0 2 at 20 
an elevated temperature and acid pH for an extended 
period of time. During the course of the steep, soluble 
substances are extracted from the corn grain into the 
steep water where some ferment due to microorgan- 
isms present on the corn kernel. The resulting steepwa- 25 
ter can be used as a fermentation medium component 
to produce a wide variety of products in the fermentation 
industry. Due to the many variations in the steeping 
process, the characteristics of corn steepwater found in 
the market varies widely. 30 
[0003] Pharmaceutical Industry Grade Steepwater is 
generally characterized by low content of reducing sug- 
ars (usually about 2% or less, however, the reducing 
sugars content may be up to about 4% or even up to 
about 6% for certain applications in the pharmaceutical 35 
industry), high level of lactic acid and low level of free 
amino acids. Traditional steeping processes are ineffec- 
tive or unable to produce LSW having the characteristics 
required for Pharmaceutical Industry Grade Steepwa- 
ter. Typically, traditional or conventional industrial steep- *o 
ing processes result in LSW having reducing sugars 
content in the range about 10% to about 16%, which is 
generally too high for applications in the pharmaceutical 
industry. 

[0004] U.S. Patent No. 4,359,528 describes a steep- 45 
ing procedure that combines use of temperature gradi- 
ent and low draw, which results in a steepwater product 
suitable for pharmaceutical applications. U.S. Patent 
No. 6,179,926 describes incubating LSW in a base buff- 
er resulting in a low content of reducing sugars. 50 
[0005] The invention concerns a process in which the 
amount of S0 2 content in the LSW is established to al- 
low the lactic acid bacteria to convert reducing sugars 
into lactic acid while inhibiting yeast in the LSW from 
producing ethyl alcohol and carbon dioxide. This proc- 55 
ess can decrease the reducing sugars content of LSW 
to less than about 6%, preferably less than about 4%, 
most preferably less than about 2%, including eliminat- 



ing or substantially eliminating reducing sugars from the 
LSW. The process can be used to obtain Pharmaceuti- 
cal Industry Grade Steepwater. 
[0006] In the present specification, all parts and per- 
centages are by weight/weight unless otherwise speci- 
fied. 

SUMMARY OF THE INVENTION 

[0007] The process comprises complementary treat- 
ment of LSW to decrease the reducing sugars content. 
In the process, LSW is drawn off from a conventional 
steeping process, generally a process comprising one 
or more steeping tanks, in which corn is subjected to 
acid water and circulated within the steeping battery. 
The S0 2 content of the drawn off LSW is established at 
between about 20 ppm and 220 ppm and the drawn off 
LSW is incubated in a vessel for at least about 5 hours, 
for example between about 5 hours and about 60 hours 
at a temperature of between about 33°C and about 
48°C. Achieving less than about 2% reducing sugars 
content, including eliminating or substantially eliminat- 
ing reducing sugars content, can be obtained by incu- 
bating the drawn off LSW for between about 6 and about 
48 hours, at a temperature between about 37°C and 
about 45°C. 

[0008] The S0 2 content in the drawn off LSW is es- 
tablished by adequate S0 2 distribution in the steeping 
battery, addition of hydrogen peroxide to the drawn off 
LSW or combinations thereof. The process results in a 
LSW having low reducing sugars content, such as less 
than about 6%, preferably less than about 4%, and most 
preferably less than about 2% reducing sugars. In pre- 
ferred embodiments of the invention, the LSW will have 
substantially no reducing sugars content after the incu- 
bation period. The invention is particularly useful in ob- 
taining Pharmaceutical Industry Grade Steepwater from 
LSW drawn from conventional corn steeping processes, 
such as acid treatment of com in a battery of steeping 
tanks. 

DESCRIPTION OF THE DRAWING 

[0009] Fig. 1 is a diagrammatic side elevation of a bat- 
tery of tanks used in a com steeping process. 

DETAILED DESCRIPTION OF THE INVENTION 

[0010] The invention pertains to a process for de- 
creasing the content of reducing sugars in LSW drawn 
off from a com steeping process. The process can be 
used to obtain Pharmaceutical Industry Grade Steep- 
water, i.e. steepwater having a low reducing sugars con- 
tent, such as less than about 6%, preferably less than 
about 4% and most preferably less than about 2%. The 
process involves the complementary treatment, i.e. in- 
cubation, of LSW drawn from a corn steeping process. 
[0011] The process comprises the steps of incubating 
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LSW drawn from a com steeping process (referred to 
herein as "drawn off LSW") having an S0 2 content of 
from about 20 ppm to about 220 ppm, preferably be- 
tween about 50 ppm and about 210 ppm, most prefer- 
ably from about 70 ppm to about 140 ppm and incubat- 
ing the drawn off LSW for at least about 5 hours, pref- 
erably between about 5 hours and about 60 hours, at a 
temperature from about 33°C to about 48°C. A particu- 
larly preferred process of the invention comprises pro- 
viding drawn off LSW having a S0 2 content of between 
about 20 ppm to about 170 ppm, most preferably be- 
tween about 60 ppm and 80 ppm, for about 6 hours to 
about 30 hours at a temperature between about 38°C 
and 42° C. 

[0012] Fig. 1 illustrates an example of an industrial 
steeping battery having 8 steep tanks. It will be appre- 
ciated by one skilled in the art that, although the typical 
steeping process is illustrated herein with eight steep 
tanks, corn steeping may be conducted with any number 
of steeping tanks, such as corn steeping process com- 
prising a steeping battery having one or more steeping 
tanks, and the invention encompasses complementary 
incubation of LSW drawn off from any steeping process 
or battery configuration provided that the conditions are 
such that the drawn off LSW comprises between about 
20 ppm and about 220 ppm S0 2 . 
[0013] Referring now to Fig. 1, the steeping battery 
comprises eight tanks (A1 to A8) of stainless steel each 
having a filtering base B. The steeping battery illustrated 
in Fig. 1 further comprises piping 11 connecting the 
base of a given tank to the head of the tank itself, and 
to the heads of the other seven tanks via a common 
drain pipe C2 and a common fill pipe C3 ensuring the 
recycling of the water into the tank itself or to any other 
tank, this piping also serving to withdraw the steep water 
at a given time through common pipelines shown in Fig. 
1 , bottom valves 1 4 for emptying the corn, tube and shell 
heat exchanger 16 with a circulating pump P-1 which 
controls the liquid flow through the heating tubes in heat 
exchanger 1 6 to the head of any other tank, eight water 
drain valves V2 placed on pipeline 11 to segregate each 
tank from the common drain line C2 allowing water 
movement throughout the battery, eight water fill valves 
V1 placed on pipeline 12 to segregate each tank from 
the common fill line C3 allowing water movement 
throughout the battery, an outlet pipe C1 and valve V3 
connecting to an incubation tank or vessel 17. The tanks 
are filled with com M and process water is moved coun- 
tercurrently through the steep tanks with the oldest corn 
contacting fresh water and the oldest water contacting 
the fresh corn in the battery. 

[0014] In the system, the com does not move from 
steep tank to steep tank; only the water is advanced be- 
tween tanks and the com is replaced periodically from 
com storage silos (not shown). If the acid water in the 
tank with fresh corn is maintained at an S0 2 content in 
the range of about 60 ppm to about 100 ppm, then the 
temperature in this tank can be temporarily decreased 
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to about 39°C to about 42°C which causes conditions 
for pre-incubation in this steep tank, e.g. begins the re- 
duction of reducing sugars towards desired levels be- 
fore the LSW is drawn off, which then reduces the 

5 amount of incubation time needed in the complementary 
process described herein to obtain LSW with reducing 
sugars content less than about 6%, preferably less than 
about 4% and most preferably less than about 2%. 
[001 5] The process may comprise the further step of 

10 a method for establishing the S0 2 content of the drawn 
off LSW. This method can be selected from the group 
consisting of adequate S0 2 distribution in the steeping 
battery from which the drawn off LSW is obtained, the 
addition of hydrogen peroxide to the LSW or combina- 

15 tions thereof. 

[001 6] The S0 2 content in the drawn off LSW is pref- 
erably established by adequate S0 2 distribution in the 
steeping battery. We have found that S0 2 content in the 
fresh acid water varying from about 1 ,200 ppm to about 

20 2,500 ppm, subject to type of corn and steeping rate, 
will obtain drawn off LSW having between about 20 ppm 
and about 220 ppm S0 2 . 

[001 7] The S0 2 content of the drawn off LSW may al- 
so be adjusted in full or in part, by the addition of hydro- 

25 gen peroxide under agitation directly into the vessel 
where the complementary incubation occurs or into the 
LSW after removal from the steeping battery but prior to 
the LSW entering the vessel where the incubation oc- 
curs. S0 2 adjustment is necessary when the drawn off 

30 LSW direct from the corn steeping process has an S0 2 
content higher than 220 ppm to reduce the content of 
S0 2 to about 220 ppm or less for the incubation. The 
amount of hydrogen peroxide required to reduce the 
S0 2 content is a function of the amount of S0 2 in the 

35 drawn off LSW and other components of the steep wa- 
ter. Generally, however, about 1 ppm of hydrogen per- 
oxide is needed per about one ppm of S0 2 removed. In 
the most preferred embodiment of the invention, the re- 
quired S0 2 content in the LSW is established by ade- 

40 quate S0 2 distribution in the steeping battery and hy- 
drogen peroxide is added to the drawn off LSW for minor 
adjustment of the S0 2 content in the LSW, if necessary. 
[0018] The incubation of the drawn off LSW may be 
conducted in any appropriate vessel or reactor that will 

45 not contaminate the LSW, such as a stainless steel or 
fiberglass vessel or reactor. The vessel or reactor pref- 
erably is equipped with a heat jacket or other heat trans- 
fer system so that the appropriate temperature can be 
controlled and maintained. The vessel or reactor may 

50 also be equipped with a means for stirring or agitating 
the drawn off LSW during incubation, such as an impel- 
ler, stirrer, or circulation pump. 
[0019] During incubation, the LSW can be, but need 
not be, agitated, either continuously at a very low speed 

55 during the incubation period or intermittently at intervals 
of about 3 to about 5 minutes every hour. Agitation is 
generally preferred when the S0 2 content in the LSW is 
below about 120 ppm, and a preferred process of the 
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invention involves LSW having initial S0 2 content of be- 
tween about 60 ppm and 1 00 ppm incubated from about 
16 hours to about 30 hours with intermittent mixing of 
about 1 minute to about 5 minutes about every hour with 
an incubation temperature of about 33°C to about 48°C. s 
No agitation or mixing will also promote low reducing 
sugar steepwater. Embodiments of the invention not in- 
volving mixing are preferably when the S0 2 content is 
higher, such as between about 120 ppm and 180 ppm 
requiring a longer incubation time, such as between 10 
about 40 hours and about 64 hours. 
[0020] Preferably, after the incubation period, the 
drawn off LSW is converted to Pharmaceutical Industry 
. Grade Steepwater, in that the reducing sugars content 
has been decreased to less than about 6%, preferably *5 
less then about 4% and most preferably less then about 
2%. After the incubation period, the incubated LSW may 
have no or substantially no reducing sugars content. 
The decrease in the reducing sugars content is a func- 
tion of incubation time and, as. such, although the proc- 20 
ess may preferably be used to obtain Pharmaceutical 
Industry Grade Steepwater, the process can be used for 
decreasing the reducing sugars content of drawn off 
LSW by any amount even if the end product would not 
be useful for pharmaceutical applications. After the in- 25 
cubation period, the drawn off LSW can be used as a 
liquid product, either directly or after partial evaporation, 
or may be dried and used as a dry product. 
[0021] In the invention, the lactic bacteria growth is 
not suppressed by residual S0 2 in the LSW, but is sup- 30 
pressed by concentration of lactic acid. Generally, about 
30% concentration of lactic acid in the LSW will fully sup- 
press bacterial growth. The lactic bacteria is preferably 
from native microorganisms on the corn kernels, how- 
ever, if needed, commercially available lactic bacteria 35 
can be added, such as Lactobacillus LH-32. The S0 2 
content in the drawn off LSW provides an environment 
for the lactic acid bacteria to fully convert reducing sug- 
ars into lactic acid but does not permit yeast to produce 
ethyl alcohol and carbon dioxide. If the S0 2 content in *o 
the LSW is relatively high, such as 210 ppm or higher 
than about 220 ppm, the reducing sugars content drops 
very slowly and practically never reaches Pharmaceu- 
tical Industry Grade Standards, and if the S0 2 content 
in the LSW is lower than about 20 ppm, ethyl alcohol *5 
and carbon dioxide are produced in parallel with lactic 
acid. 

EXAMPLES 

50 

EXAMPLE 1 

[0022] Thirty-five thousand gallons of LSW having an 
initial S0 2 content of about 140 ppm were drawn from 
a standard corn steeping process into a vessel having 55 
temperature control and means for agitation. Fifty-three 
liters of a 20% solution of H 2 0 2 were added to the vessel 
under continuous light agitation, and the SQ 2 content 



decreased to about 74 ppm. The LSW had an initial re- 
ducing sugars content of about 11.6%. The LSW was 
incubated in the vessel for about 48 hours at a constant 
temperature of about 39°C, and agitated for one half 
hour every 3 to 5 hours during the incubation. At the end 
of the incubation period, the reducing sugars content 
was about 3.5%. 

EXAMPLE 2 

[0023] Thirty-five thousand gallons of LSW having an 
initial S0 2 content of about 50 ppm were drawn from a 
standard corn steeping process into a vessel having 
temperature control and means for agitation. The LSW 
had an initial reducing sugars content of about 1 2%. The 
LSW was incubated for about 24 hours at a constant 
temperature of about 40°C, and agitated every second 
hour for 15 minutes. At the end of the incubation period, 
the reducing sugars content was about 1 .4%. 

EXAMPLE 3 

[0024] Thirty-five thousand gallons of LSW having an 
initial S0 2 content of about 140 ppm were drawn from 
a standard corn steeping process into a vessel having 
temperature control and means for agitation. One hun- 
dred liters of a 35% solution of H 2 0 2 were added to the 
vessel under light agitation, and the S0 2 content de- 
creased to about 50 ppm. The LSW was incubated for 
about 40 hours at a temperature of about 44°C with ag- 
itation for one half hour every 3 to 5 hours, however, this 
incubation decreased the reducing sugars content only 
to 8%. At that time in the trial, the incubation temperature 
was decreased to about 38°C while maintaining the ag- 
itation at 3 to 5 hour time intervals, and the reducing 
sugars content dropped to 3% after an additional 24 
hour incubation period. 

EXAMPLE 4 

[0025] One gallon of LSW having an initial S0 2 con- 
tent of 18 ppm was incubated in a sealed container at 
40°C without any mixing. Initial pH was 4.15, initial dry 
solids content was 14.8% and initial reducing sugars 
content was 11.4%. After 20 hours of incubation, the 
S0 2 and dry solids content remained substantially the 
same while pH dropped to 3.94 and reducing sugars 
dropped to 8.4%. A slight smell of alcohol fermentation 
was detected. After next 24 hours of incubation, pH 
dropped to 3.63, dry solids content dropped to 13.8% 
and reducing sugars content dropped to 2.7%. A strong 
alcohol fermentation smell was detected with visible 
production of carbon dioxide (gas bubbles and over- 
pressure in the container). 

EXAMPLE 5 

[0026] One gallon of LSW having an initial S0 2 con- 



4 



7 

tent of 140 ppm was incubated in a sealed container at 
40°C without any mixing. Initial pH was 4.03, initial dry 
solids content was 10.6% and initial reducing sugars 
content was 10.7%. After 20 hours of incubation, the 
S0 2 content dropped to 119 ppm, dry solids content re- 
mained substantially the same while pH dropped to 3.82 
and reducing sugars dropped to 7.8%. After the next 24 
hours of incubation, pH dropped to 3.55, S0 2 content 
dropped to 93 ppm, dry solids content remained the 
same, and reducing sugars content dropped to 1.7%. 

EXAMPLE 6 

[0027] One gallon of LSW having an initial S0 2 con- 
tent of 216 ppm was incubated in a sealed container at 
40°C without any mixing. Initial pH was 7.72, initial dry 
solids content was 7.46% and initial reducing sugars 
content was 11.6%. After 20 hours of incubation, the 
S0 2 content dropped to 189 ppm while dry solids con- 
tent, pH, and reducing sugars remained substantially 
the same. After the next 24 hours of incubation, for a 
total incubation time of about 44 hours, S0 2 content 
dropped to 1 70 ppm, pH dropped to 3.69, dry solids con- 
tent remained the same, and reducing sugars content 
dropped to 10.4% and was expected to decrease further 
with additional incubation time. 

EXAMPLE 7 

[0028] One gallon of LSW having an initial S0 2 con- 
tent of 170 ppm was incubated in a sealed container at 
41 °C with short but vigorous mixing after 4 hours and 
24 hours of incubation. Initial pH was 3.98, initial dry sol- 
ids content was 11.2%, and initial reducing sugars con- 
tent was 12.9%. After 24 hours of incubation, S0 2 con- 
tent dropped to 128 ppm, dry solids content remained 
the same, pH decreased slightly to 3.91, and reducing 
sugars content decreased to 10.9%. After next 24 hours 
of incubation, pH dropped to 3.75, S0 2 content dropped 
to 79 ppm, dry solids content slightly decreased to 11 
%, and reducing sugars content dropped to 1 .3%. 

EXAMPLE 8 

[0029] One gallon of LSW having an initial S0 2 con- 
tent of 184 ppm was incubated in a sealed container at 
41 °C with short but vigorous mixing after 4 hours and 
after 24 hours of incubation time. Initial pH was 3.95, 
initial dry solids content was 10.7%, and initial reducing 
sugars content was 1 2.0%. After 24 hours of incubation, 
the S0 2 content dropped to 1 58 ppm, dry solids content 
decreased to 10.4%, pH decreased slightly to 3.91 , and 
reducing sugars content decreased to 1 0.7%. After next 
24 hours of incubation, pH dropped to 3.79, S0 2 content 
dropped to 89 ppm, dry solids content slightly decreased 
to 10.0%, and reducing sugars dropped to 1.4%. 
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EXAMPLE 9 

[0030] One gallon of LSW having an initial S0 2 con- 
tent of 56 ppm was incubated at 41 °C with short but vig- 

5 orous mixing after 24 hours of incubation. After mixing, 
foaming and slight alcohol odor were noted. Initial pH 
was 3.95, initial dry solids content was 1 5.8%, and initial 
reducing sugars content was 12.1%. After 24 hours of 
incubation, S0 2 content dropped to 30 ppm, dry solids 

10 content remained the same, pH slightly decreased to 
3.91 , and reducing sugars content decreased to 11 .6%. 
After the next 24 hours of incubation, pH dropped to 
3.88, S0 2 content dropped to 20 ppm, dry solids content 
decreased to 15%, and reducing sugars dropped to 

15 1.4%. 

EXAMPLE 10 

[0031] One gallon of LSW having an initial S0 2 con- 
20 tent of 83 ppm was incubated at 41°C with short but vig- 
orous mixing after 24 hours and again after 48 hours of 
incubation. After mixing at 48 hours of incubation, some 
foam was observed but no alcohol odor was noticed. 
Initial pH was 4.12, initial dry solids content was 14.6%, 
25 and initial reducing sugars content was 12.4%. After 24 
hours of incubation, the S0 2 content dropped to 43 ppm, 
dry solids content remained the same, pH decreased 
slightly to 4.09, and reducing sugars content decreased 
to 11.1 %. After next 24 hours of incubation, pH de- 
30 creased again to 3.91 , S0 2 content dropped to 30 ppm, 
dry solids content decreased to 13.8%, and reducing 
sugars dropped to 1 .6%. 



35 Claims 

1. A process for decreasing the reducing sugars con- 
tent of light steepwater comprising incubating light 
steepwater drawn from a com steeping process 

40 having an S0 2 content from about 20 ppm to about 
220 ppm for at least about 5 hours. 

2. The process of Claim 1 wherein the S0 2 content is 
about 50 ppm to about 210 ppm. 

45 

3. The process of Claim 1 wherein the S0 2 content is 
about 70 ppm to about 140 ppm. 

4. The process of Claim 1 comprising the additional 
50 step of adjusting the S0 2 content in the light steep- 
water 

5. The process of Claim 4 wherein the S0 2 content is 
adjusted by a method selected from the group con- 

55 sisting of introducing fresh acid water having an 
S0 2 content of between 1 ,200 ppm and about 2,500 
ppm into the corn steeping process, adding hydro- 
gen peroxide to the light steepwater or combina- 
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tions thereof. 



22. A process for decreasing the reducing sugars con- 
tent of light steepwater comprising incubating light 
steepwater drawn from a corn steeping process 
having as S0 2 content from about 20 ppm to about 
220 ppm at a temperature of about 33°C to about 
48°C for at least about 5 hours. 



6. 



The process of Claim 1 wherein the light steepwater 
is incubated at a temperature of from about 33°C to 
about 48°C. 



5 



7. 



The process of Claim 1 wherein the light steepwater 
is incubated for about 5 hours to about 60 hours. 



23. The process of Claim 22 wherein the S0 2 content 



is about 50 ppm to about 210 ppm. 

8. The process of Claim 1 wherein the light steepwater 10 
is incubated for about 6 hours to about 48 hours at 

a temperature of about 37°C to about 45°C. 

9. The process of Claim 1 wherein the light steepwater 

is continuously agitated during incubation. is 

10. The process of Claim 1 wherein the light steepwater 
is intermittently agitated during incubation. 

1 1 . The process of Claim 1 0 wherein the light steepwa- 20 
ter is agitated for about 1 minute to about 5 minutes 
about every hour during incubation. 

12. The process of Claim 1 wherein the light steepwater 

is not agitated. 25 

13. The process of Claim 1 wherein the corn steeping 
process comprises a steeping battery. 

14. The process of Claim 13 wherein the steeping bat- 30 
tery comprises one or more steeping tanks. 

1 5. The process of Claim 1 3 wherein pre-incubation oc- 
curs in a steep tank with fresh corn having an S0 2 
content of about 60 ppm to about 100 ppm and a 35 
temperature of about 39°C to about 42°. 

16. The process of Claim 1 wherein the light steepwater 
after incubation has less than about 6% reducing 
sugars content. *o 

1 7. The process of Claim 1 wherein the light steepwater 
after incubation has less than about 4% reducing 
sugars content. 



18. The process of Claim 1 wherein the light steepwater 
after incubation has less then about 2% reducing 
sugars content. 

19. The process of Claim 1 wherein the light steepwater so 
after incubation has substantially no reducing sug- 
ars content. 

20. Light steepwater having less than about 6% reduc- 
ing sugars content made from the process of Claim 55 



45 



1. 



21 . Light steepwater of Claim 20 that is dried. 
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